Background: Many of the anatomical changes of facial aging are still poorly understood. This study looked at the aging process in individuals linearly over time, focusing on aspects of periorbital aging and the upper midface. Methods: The author compared photographs of patients' friends and relatives taken 10 to 50 years before with closely matched recent follow-up pictures. The best-matching old and recent pictures were equally sized and superimposed in the computer. The images were then assembled into GIF animations, which automate the fading of one image into the other and back again indefinitely. Results: The following findings were new to the author: (1) the border of the pigmented lid skin and thicker cheek skin (the lid-cheek junction) is remarkably stable in position over time, becoming more visible by contrast, not by vertical descent as is commonly assumed. (2) Orbicularis wrinkles on the cheek and moles and other markers on the upper midface were also stable over decades. (3) With aging, there can be a distinct change in the shape of the upper eyelid. The young upper lid frequently has a medially biased peak. The upper lid peak becomes more central in the older lid. This article addresses these three issues. No evidence was seen here for descent of the globe in the orbit. Conclusions: There seems to be very little ptosis (inferior descent) of the lid-cheek junction or of the upper midface. These findings suggest that vertical descent of skin, and by association, subcutaneous tissue, is not necessarily a major component of aging in those areas. In addition, the arc of the upper lid changes shape in a characteristic way in some patients. Other known changes of the periorbital area are visualized. (Plast. Reconstr. Surg.
S
ince 1989, it has been my practice to have patients bring old photographs of themselves to their initial consultation. In 2000, I thought to try to match these photographs with recent follow-up images and compare them by overlaying one on the other. The interpupillary distance 1 and the inter-medial canthal tendon distances are constant in the adult face. These landmarks and others, the base of the columella and the sublabial crease, were used to equally size and to align the images. 2 This method of analysis was originally conceived as an "animated" format of direct, not numerical, comparison. The very closely matched images are superimposed and fade from one to the other in the computer showing motion of landmarks or changes in shape of various structures. Because the eye is very sensitive to motion, comparing images in this way is more discriminating than comparing side-by-side pictures. Some very subtle changes in the shape of facial structures (e.g., the changing arc of the upper lid) are hardly noticeable except with overlay techniques.
Photographic comparisons of the face are very difficult. It is easy to draw false conclusions about positions of facial structures based on what are actually differences in expression, camera position, or head position. Drawing valid photographic conclusions about the face ideally requires that the images be perfectly aligned, or at least within several degrees of each other. Consequently, the biggest challenge is obtaining a recent picture that accurately matches the old one. I take my best guess as to where the camera was relative to the subject in the old picture and take a grid of photographs. The periorbital area in the anteroposterior view is easiest and usually can be matched with 10 to 15 photographs. Oblique views are more difficult, especially if they are off a level axis. Lateral views are the most difficult because of the lack of landmarks. Sometimes, despite numerous attempts, I cannot find a suitable match.
The digital images were opened in Adobe Photoshop (Adobe Systems, Inc., San Jose, Calif.). Color and contrast were adjusted, but no morphogenic pixels were altered. After appropriately sizing and rotating the old and recent images, one image was superimposed on the other using the Layers function. Rapid covering and uncovering of the bottom image by the top one will show the slightest relative motion between the two. The final images were then assembled into a GIF animation, which automates the process of fading from one image to the other. A useful ruler for estimating sizes in these images is the transverse iris diameter, which averages 10.5 to 11 mm in diameter. The print images presented here are the source images used to prepare the animated views and are within several degrees of alignment. Of necessity, the animated images are in the online Journal, and the reader is encouraged to look there for additional clinical subjects.
Some practice is necessary to look at the animated images. It is nearly impossible to obtain exact alignment; there almost always is some relative motion of the subject in the photographs from young to old for which the eye of the viewer compensates. With well-aligned images, millimeter precision is possible.
In these images, as in life, low-contrast skin borders are best viewed from a distance. These are all nonsmiling images. A smile distorts the face and offers little help in understanding facial aging except how the skin reacts to underlying muscle shortening and perhaps the constancy of the nasolabial folds.
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RESULTS
There were 130 patients in the study and most of them were Caucasian. Fifteen were male patients. The youngest subject was 10 years old and the oldest was 89 years old. The average time between images was 25 years (range, 10 to 56 years). There were 123 patients whose brows could be evaluated. Of those, the brows were visibly elevated in 35 (28 percent), the brows were seen to be stable in 51 (41 percent), and the brows were seen to descend in 36 (29 percent). Of the 87 patients whose brows stayed in place or fell, the brows fell in 41 percent.
There were 83 patients whose lid-cheek junctions could be seen and evaluated. Of those, three (3.6 percent) were seen to descend.
Fifteen patients were noted to have visible upper lid ptosis of 1 to 2 mm. There was descent of the lower lid in eight patients. The lower lid posture was the same or rose in the rest.
Fifty of 130 patients (38 percent) exhibited the upper lid arc shift (see Discussion). Of 108 patients whose lateral canthal angles could be identified, 80 exhibited medial drift of the lateral canthal angle and 28 did not.
DISCUSSION
Studying the Aging Face
Greater understanding of the face may alter surgical thought and provide better clinical treatment. In addition, facial aging is among the most universal of human experiences and is intrinsically interesting to understand. Unlike the bony dominated issues of facial growth, the story of facial aging is overwhelmingly one of soft-tissue changes and is visual rather than statistical. 4 When looking at a face at one point in time, one might draw a certain set of conclusions as to how it got to its current state. Looking at several points in time, one might draw an entirely different set of conclusions. The observation that facial skin might appear better when elevated does not answer the question of where it was originally.
Studying a process, by definition, requires information at several points in time, and in the face the easiest way to do so is the matching of old photographs. Although old photographs are useful for studying aging, I do not think that they Plastic and Reconstructive Surgery • October 2007 should be a literal blueprint for surgery of the aging face: far from it. What looks good on a young face does not necessarily look good on an older one. Though long a proponent of volume addition in some faces, I did not set out to support or detract from any particular form of treatment; it was curiosity that led to this study. Actually, only curiosity would be a sufficient driving force to persist through the difficulties and frustrations of this particular method of analysis.
The Brow
Resting brow position is a clinical rather than anatomical concept, as some patients may use muscle tone to maintain the brows in position. Early in this study, I did not tell patients to relax their foreheads while being photographed and, consequently, a number of patients are elevating their brows. Of the patients whose brows were stable or fell, 41 percent fell. If the patients' foreheads had been perfectly relaxed, this number would probably have been higher. The descent is minor in most cases. The clinician will recognize that the brows do not drop as much as a brow lift typically elevates them.
The periorbital areas of a large group of patients had very little geographic change at all (Figs. 1 and  2 ). This group of patients tended to have slow dermal changes and usually minor subcutaneous thinning. (See Animations, Supplemental Digital Content 1 through 8; hyperlinks to view animations and descriptions available in Appendix 1.)
The Upper Lid Arc Changes Shape
The upper lid can change shape in a fascinating way. In younger people, the arc of the upper lid often peaks medially, forming a true almondshaped eyelid aperture (Fig. 3 ). This is not to be confused with the almond-shaped eyelid skin and epicanthal fold seen in Asians (Fig. 4) .
In some art and cartoons, one can see this shape correctly depicted, but it is not stressed in the medical literature. The medial peak of the young upper The bulge of the cornea itself can make a small elevation of the upper lid margin, but the described arc shift is independent of direction of gaze.
The medial peak configuration is common but by no means universal in childhood. I do not know its true incidence. When the eyelid peak is medial in youth, it moves laterally with time. No cases were identified where a lateral peak becomes medial.
The lateralizing of the eyelid peak means that the medial lid curve flattens or even reverses curvature (Figs. 3, 5, and 6; see Animations, Supplemental Digital Content 9, 10, and 15; hyperlinks available in Appendix 1) and seems unrelated to the lacrimal papilla, which can also enlarge with time. The cause of the arc shift is not obvious.
Shore and McCord observed that the medial levator aponeurosis attenuates with age and that the aging tarsus moves laterally. 5 It may be that the high medial arc represents a normal variant of the levator aponeurosis, although looking at the images it is hard to imagine that changes in intraorbital volume do not play a role. I saw no evidence of the globe descending within the orbit in any of the subjects studied.
Apparent Eye Size Diminishes
I have always wondered how a young doe-like eye becomes a small beady one. The change is small by measurement but perceptually huge in the gestalt of facial aging. The globe itself does not change size in adulthood, 6 so the explanation must be in the lids. It seems obvious in these images that medial drift of the lateral canthal angle is the primary explanation, making the visible area of conjunctiva smaller and diminishing apparent eye size [7] [8] [9] (Figs. 7 and 8; see Animations, Supplemental Digital Content 7, 9, 13, and 15 through 19; hyperlinks available in Appendix 1). In this series, unlike in others that found more lower lid descent, 10 -12 most patients' lower lids were stable or they were seen to rise slightly, which would also participate in the apparent shrinking of the eye.
Contributory also are the commonly seen millimeter or two of upper lid ptosis and the upper lid arc shift. I wonder whether an age-related enophthalmos could contribute to apparent lateral canthal tendon laxity and the rise in lower lid position depending on the interaction of tone and eyelid length. Interestingly, the medial canthal angle in this group did not move laterally as might be expected. Either it stayed immobile or it moved slightly medially (Figs. 5 and 9 ). 3 . View of the subject at age 10 years (left) and 57 years (right). An almond-shaped eye can originate from the shape of the upper eyelid itself. The peak of the upper lid arc becomes more lateral with time. This is a real change in lid shape and not simply from lid ptosis. Note the relative position of the tail of the brow and the apparent elongation of the medial canthal tendons. I do not know whether the finding is real, but the globe seems to retreat from the medial canthal tendon. The animation of this figure is Supplemental Digital Content 9. 
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The Lid-Cheek Junction Is Stable
What is the lid-cheek junction? There is a distinct problem with nomenclature in this area. The lower lid and cheek are notorious for having multiple names for the same borders, and the borders themselves have not been well defined.
I define the lid-cheek junction as the junction of the thin pigmented lower lid skin with the Volume 120, Number 5 • Periorbital and Midface Aging thicker cheek skin at and medial to the midpupillary line (the site of the V deformity). This is a distinct border and visible from infancy. It is easy to see clinically and represents reproducible anatomical landmarks. Clearly, there are borders that proceed farther across the lid (the border demarcating the lateral eyelid from the cheek) and down the cheek (the various borders collectively known as the nasojugal crease) and, regardless, they were all equally stable in this study. The lid-cheek junction at the midpupillary line lies well below the level of the bony orbital rim. In these images, the lid-cheek junction is seen at the inferior border of the lid-cheek shadow.
In all but three of the patients studied, the lid-cheek junction was positionally stable over long periods, although in several patients I noted that the medial lid-cheek junction seemed to round out slightly (see Animation, Supplemental Digital Content 20; hyperlink available in Appendix 1). Within the lid itself, wrinkles generally persist, although they may splay and descend somewhat. In those with particularly bad sun damage, the lower lid skin can lose its wrinkle structure and seemingly collapse along the stable lower lid border If the lid-cheek junction does not drop, then why does it become more visible? With age, the shadow from the enlarging fat pads increases the apparent height of the lid. The shadow from fat protrusion exaggerates the growing indentation at the tear trough just above the lid-cheek junction. The pigmented lower lid becomes thinner and the skin darker, increasing the contrast between lid and cheek.
Note that there seems to be a net downward transposition of the lower lid border that is created solely from anteroposterior enlargements and diminutions of tissue. The addition that this study makes is to suggest that these events occur beneath essentially static skin. The finding of skin immobility in the upper midface suggests that midface curvatures change for a similar reason, anteroposterior shifts in volume (thin meets thick) rather than descent.
It is odd that the lid-cheek junction should be so constant because of the mobility of the lower lid area to finger distraction. The upper cheek is very firmly suspended by the medial zygomatic part of the orbicularis retaining ligaments as described by Muzaffar et al. 11 (though these are simply extensions of the ligament systems described previously by Furnas 14 and Stuzin et al. 15 ). It is reasonable to suppose that the preosseous lower lid sits on the stable upper midface and simply has no place to go.
Implications for the Midface and Nasolabial Fold
The curvatures of the face clearly change over time. In popular concept, the midface behaves like a tectonic plate sliding down the face to form the nasolabial fold, leaving in its wake the nasojugal crease and the exposed and diminished malar eminence.
If the skin of the cheek descends with age, one would expect to see orbicularis oculi skin wrinkles rotating down the face and motion of other markers on the face. The evidence from these observations is that orbicularis wrinkles and midfacial scars and moles do not appear to move an amount sufficient to explain these changes in shape, at least in the upper midface.
Perhaps the cheek fat descends independently of skin. 16 When looking at the upper midface during a dissection or a face lift, one finds a fibrous network that is mobile in every direction except inferior (caudal) at the skin and becomes progressively less mobile the deeper one goes. Fat is interspersed throughout this fibrous structure in globules of varying size. It seems illogical to me and at odds with experience that this fat should travel through the fibrous network like waves through a pier to create ptosis (i.e., to desert the malar prominence and flow down the cheek).
I would observe again that the lower lid area and other parts of the face show a type of relativity between areas that enlarge and areas that indent. This configuration can look like descent when seen at one point in time. As noted above, the lower lid seems to lengthen vertically with age. This is true perceptually but is illusory in fact. The smooth blending of the lid and cheek in the young person leaves the lower lid without a strong inferior visual border. The border appears from changes in tissue projection (thin meets thick), color, and contrast without actual geographic motion of soft tissues.
A similar process is visible in other parts of the face. In many patients, the jowl expands but becomes still more visible by loss of adjoining soft tissue at its anterior and posterior border. As shown here, the loss of fullness over the malar eminence and the appearance of fullness at the medial nasojugal crease do not seem to be accompanied by skin migration. When looking at the malar area over time, even in the presence of some facial weight gain, one gets the impression of a "deflation wave" paralleling the nasolabial fold and moving obliquely from lateral to medial. In all of these examples, the configurations formed by tissue thickness changes are made smoother by vertical finger traction, reinforcing the impression of tissue descent and dominating surgical thought of treatment.
If descent is not the dominant factor in changing upper midface curvatures, then what is? It seems clear that there are relative losses and gains of volume in these areas. Regional differences in fat metabolism are well known in the face. Even with weight gain, loss of upper periorbital fat is commonplace; temple fat commonly and visibly melts away without any obvious physical stresses on it. The malar bony prominence or the repetitive action of muscles may influence local longevity of fat.
There is much yet to be learned about the mechanics of the face, the way that it ages, and which visual cues are most powerful in generating the perception of age.
FUTURE PATHS
New technology will dominate this type of research. The use of three-dimensional cameras will Volume 120, Number 5 • Periorbital and Midface Aging allow capture of the entire surface of a face and will allow rotations, true skin measurements in three axes, and the ability to measure volumes. Faces can be compared over time and three-dimensional images can be more precisely matched with two-dimensional images. Prospective studies of facial aging with this technology will not supply immediate answers but probably definitive ones.
APPENDIX 1
Supplemental Digital Content 1, http://links.lww. com/A65. Animation demonstrates facial aging from ages 16 to 55. She tilts slightly back and to her right. The lid-cheek junction is not visible. There is very little change of the periorbital area; nonetheless, she would be a candidate for "rejuvenative" surgery of the lids, with essentially the same anatomy as at age 16.
Supplemental Digital Content 1A, http://links.lww. com/A113. Animation of Figure 1 , with the patient at 22 years and 43 years. Note the immobility of the lid-cheek junction. Various moles on the skin are stable. She had a rhinoplasty and upper lid surgery at age 22. It looks as if the lid-cheek junction has dropped on her right, which is illusory. The actual border is the inferior edge of the lid-cheek shadow, and that remains stationary. Notice that the lidcheek junction appears higher on the right in Figure  1 , but one can see that is actually at the same level. 
